Objective: To investigate the effects of a 12 week comprehensive cardiac rehabilitation (CCR) programme on patients who have undergone implantation of an implantable cardioverter-defibrillator (ICD). Design: Sixteen patients with ICDs (14 (88%) male, mean (SD) age 58 (10) years, range 34-74 years) were randomised to either attend an individually tailored CCR programme or receive usual care. They then changed to the alternative regimen for a further 12 weeks. Exercise capacity was assessed using a treadmill exercise test at baseline, after usual care, after CCR and 12 weeks after CCR to assess maintenance effects. Hospital anxiety and depression (HAD) scores were recorded at each stage. Results: Exercise times (min:s; mean (SD)) increased by 16% from a baseline mean of 9:55 (2:33) to 11:11 (2:17) following attendance at CCR (95% confidence interval (CI) 0:34 to 1:58; p = 0.001). This improvement was maintained 12 weeks after attendance at CCR, at 11:20 (2:17) (p = 1.00). HAD scores for anxiety and depression decreased during CCR from a baseline of 13.4 (3.6) to 8.1 (3.6), 95% CI 3.5 to 7.0 (p < 0.001) and 9.9 (3.4) to 6.7 (2.9), 95% CI 1.9 to 4.4 (p = 0.002), respectively. These improvements were maintained at 12 weeks after CCR. No ventricular arrhythmias or ICD discharges occurred during the exercise components of the CCR. The total number of ventricular arrhythmias and ICD discharges was similar 12 weeks before, during, and 12 weeks after CCR.
T he implantable cardioverter-defibrillator (ICD) is highly effective in the management of life threatening ventricular arrhythmias, with benefits shown in both primary and secondary prevention studies. [1] [2] [3] [4] The National Institute for Clinical Excellence has recommended a major increase in their use in the UK. It also recommended "a rehabilitative approach to aftercare, which includes psychological preparation for living with an ICD". 5 Little work has been done on the psychosocial sequelae of life threatening arrhythmias and subsequent ICD implantation in the UK. In our experience some patients fail to adapt to these traumatic events, developing phobic anxiety states, depression, and a fear of exercise lest their ICDs discharge. Dubin and colleagues reported that 63% of a cohort of ICD patients aged below 40 years were worried about engaging in exercise. 6 Cardiac rehabilitation is established for patients with ischaemic heart disease with reported benefits for exercising ability, psychological functioning, and prognosis. 7 Patients with chronic heart failure show improvements in exercise performance and autonomic function with exercise training alone. 8 9 Several groups have suggested that patients with ICDs may also benefit from structured rehabilitation, including exercise training, but the effects of this have not been studied. [10] [11] [12] The British Association for Cardiac Rehabilitation, consistent with other major cardiac rehabilitation organisations, recommends the use of "comprehensive" cardiac rehabilitation (CCR), the key components of which are exercise, education, and psychological support. [13] [14] [15] We designed such a programme specifically for ICD patients and have assessed its effects in a randomised controlled prospective study.
METHODS

Patients
All 73 of the patients consecutively implanted with ICDs under the care of the Manchester Heart Centre were sent a request that they should participate in the CCR programme. Fifty nine (81%) of these were male and 14 (19%) female. Mean (SD) age was 57 (14) years (range 14-79 years) and their left ventricular ejection fraction was 41 (19)% (range 5-70%). Thirty four patients agreed to take part and 16 of these were randomly selected to attend the programme. All 16 subsequently consented to take part in the study. Their characteristics were similar: 14 (88%) were male, their mean age was 58 (10) years (range 34-74 years), and their left ventricular ejection fraction was 38 (17)% (range 12-70%). In eight patients (50%) the ejection fraction was below 35%.
Underlying cardiac diagnoses were ischaemic heart disease (11), dilated cardiomyopathy (2), valvar heart disease (1), arrhythmogenic right ventricular cardiomyopathy (1), and Brugada syndrome (1) . One patient was in atrial fibrillation, but all the others were in sinus rhythm. ICDs had been implanted for a mean of 20.4 (13.8) months (range 7-53 months). All ICDs were single chamber devices. Five patients were taking amiodarone, nine were on β blockers, nine were on angiotensin converting enzyme (ACE) inhibitors, and five were taking diuretics. One patient was on digoxin, one was taking losartan, and two were taking other antianginal drugs (table 1) .
Design
A randomised controlled prospective study was designed to investigate the influence of attendance at a 12 week CCR programme on exercise capacity and psychosocial functioning. The 16 patients were randomised to two groups (A and B) to either attend the CCR programme or receive usual care for 12 weeks. They then changed to the alternative regimen for a further 12 weeks. Physical, cardiological, and psychosocial variables were measured at baseline, before starting CCR (in group A), at the end of CCR, and 12 weeks after CCR to assess maintenance effects (fig 1) . Throughout the study period patients had access to a dedicated 24 hour ICD advice help line manned by an electrophysiological specialist nurse, ready access to technicians, and a well attended ICD patient support group.
Exclusion criteria were physical infirmity precluding exercise, New York Heart Association (NYHA) functional class IV heart failure or angina, and an inability to give informed consent. No patient who requested to take part was excluded before the start of the study.
Outcome measures recorded were change in exercise test time, frequency of ICD discharges, frequency of ventricular arrhythmias, and change in HAD scale scores for anxiety and depression.
Comprehensive cardiac rehabilitation programme Patients attended the CCR programme for two hours twice a week. It combined an individually prescribed aerobic exercise programme with education and a cognitive behavioural intervention. Supplementary exercise in the community was encouraged between sessions. Spouses were encouraged to attend as well, and approximately 50% did so on a regular basis.
Exercise testing
Exercise tolerance was assessed using a symptom limited treadmill exercise test with a continuous 12 lead ECG and regular blood pressure monitoring.
A modified Kattus protocol 16 was used, starting at 1.6 km/h (1.0 mph) with increments of 0.8 km/h (0.5 mph) every two minutes up to a maximum of 7.2 km/h (4.5 mph) at a constant gradient of 10%. The incremental stages were shortened from three to two minutes in order to increase the workload more rapidly and reduce the likelihood of patient fatigue becoming the test end point. It was intended to determine the patients' ability to perform aerobic exercise ideally for a minimum of six minutes 17 in order to plan their exercise regimens.
The physiological demands of the exercise test were expressed and monitored in a relative context using a rate of perceived exertion (RPE) scale. 18 This scale ranged from 0 to 10, 0 being "no effort" through 5, "moderate effort," to 10, "maximum effort." The RPE scale subsequently allowed self monitoring of exercise throughout the programme.
Exercise was terminated when one of the following three end points was reached:
• an RPE scale of 7/10 or "hard effort" 17 • heart rate of 75% of the age adjusted maximum • heart rate of 10 beats below ICD activation threshold; this was deemed sufficient to accommodate the small additional rise in heart rate that may occur following achievement of peak exercise. A graduated "cool down" period followed peak exercise, with exercise being terminated abruptly only if the patient or clinical circumstances dictated. This was designed to reduce ventricular arrhythmias in recovery and is discussed later.
Exercise tests were directed by a specialist physiotherapist and a physician experienced in the management of patients with ICDs. Full resuscitation facilities were available. ICDs were interrogated before the exercise to confirm detection parameters and download stored information on arrhythmias and device activity.
At initial assessment all patients underwent two exercise tests-prebaseline and baseline-four hours apart. This helped allay initial fears of exercise and allowed familiarity with the treadmill and monitoring equipment, with the aim of defining a true baseline. Each patient's second test formed their baseline.
Exercise prescription
Exercise test intensity, heart rate, and RPE were used to shape individual exercise programmes. The effective training zone was based on a heart rate range from 60-75% of the age adjusted maximum, 17 with an absolute upper limit set at 10 beats below ICD activation threshold. The programme consisted of an initial familiarisation phase followed by an aerobic improvement phase and finally maintenance. Nine exercises were used, each with four levels (table 2). Each level was separated by approximately two metabolic equivalents (METs), with the first level set at 3-4 METs. Exercises were performed standing. Seated exercises were avoided in an attempt to minimise the adverse impact of poor ventricular function. 10 Supervised exercise was performed at each session, with supplementary exercise encouraged at home. Telemetry wrist monitors (Polar Electro Oy, Kempele, Finland) were provided throughout the initial exercise phase in order to facilitate feedback and aid compliance with advised training heart rates.
Education
Healthcare professionals chaired informal 30 minute seminars at alternate CCR sessions. Subjects covered included benefits of exercise, cardiovascular disease, ICD technology, and diet. Open group discussion filled the remaining sessions
Psychology
Psychological distress was measured throughout the study using the hospital anxiety and depression (HAD) scale. 19 A health psychologist with experience of cardiac patients provided psychological input. This comprised three main components:
• a cognitive-behavioural framework that addressed the link between thoughts, feelings, and behaviour regarding ICDs and illness • a group session that addressed management of anxiety, anger, and depression; patients who scored in the clinical range for anxiety, depression, or excessive anger received individual psychological support • self help strategies: these included progressive muscular relaxation, rebreathing techniques, deep relaxation, and self hypnosis.
Statistical analysis
Comparisons were made at the following points in the protocol: at baseline, before CCR, at the end of CCR, and 12 weeks after CCR. All data were subjected to repeated measures analysis of variance (ANOVA).
RESULTS
All 16 patients performed the two baseline exercise tests. One patient (5B), who was unable to cope with the modified Kattus protocol because of difficulty in walking at the required speed and gradient, was exercised at a speed of 1.0 km/h (0.6 mph) at zero gradient. Two patients (2A and 8A) reported, after randomisation, that they could not attend the CCR programme because of financial difficulties with travelling to the hospital. A further patient (7A), who lived alone, attended only two CCR sessions because a short term memory deficit prevented him remembering appointments and the recommended exercise regimen. One patient (5B) completed the CCR programme but developed progressive heart failure latterly and was excluded from further participation in the study. Finally, one patient (6A) was unable to perform the end of the maintenance period exercise test because of an infective exacerbation of chronic airways disease. Thus 13 patients in all completed the CCR programme and the post-CCR exercise test, with 11 patients completing all exercise tests.
There was no difference in age, left ventricular function, baseline exercise time, or HAD scores between the patients who completed the CCR and those who failed to attend.
No patients who attended CCR suffered ICD discharges during either exercise testing, supervised exercise, or exercise at home. The total number of ICD discharges during the study period was 2, which occurred in two different patients, one of whom (5B) developed heart failure towards the end of the CCR programme. This compared with no ICD discharges during the three months before rehabilitation and two (in two patients) during the three months following the programme. Sustained ventricular tachycardia successfully terminated by anti-tachycardia pacing occurred three times (in two patients) during the CCR, compared with twice (in two patients) during the three months preceding rehabilitation, and twice (in two patients) during the three months following the programme. Non-sustained ventricular tachycardia not requiring ICD treatment occurred 18 times (in two patients) during the CCR, compared with 20 times (in one patient) during the three months preceding rehabilitation and 22 times (in four patients) during the three months following the programme.
Exercise test times
The first and second exercise tests were designated "prebaseline" and "baseline" tests. Exercise time (min:s; mean (SD)) increased as a group from a prebaseline value of 8:12 (3:24) to a baseline value of 9:16 (3:04), a mean increase of 13% (95% confidence interval (CI) 0:26 to 1:41; p = 0.002). The standard error of measurement of the paired differences between these tests was 48 seconds. This determined a range within which there was a 95% probability that measurements would lie. Using this range as a cut off, eight of the 16 patients achieved 
Repeated measures ANOVA analysis of the 11 patients who completed all exercise tests (all male, mean (SD) age 59 (11) years, range 34-74 years; left ventricular ejection fraction 39 (14)%, range 20-65%) showed that mean exercise time (min:s) increased by 16%, from a baseline of 9:55 (2:33) to 11:11 (2:17) following attendance at CCR (95% CI 0:34 to 1:58; p = 0.001). This improvement in exercise time was maintained at 12 weeks after the end of the CCR, at 11:20 (2:17) (fig 2) .
The eight patients in group A received usual care for 12 weeks following baseline tests before starting the CCR programme, thus providing a control group. A further exercise test was done immediately before starting the CCR. There was no difference between exercise test times at baseline (9:53 (2:50) min:s, range 5:31 to 13:11) and following the 12 week control period (9:54 (3:14) min:s, range 4:22 to 13:00) (p = 0.96). The increase in exercise times between the prebaseline and baseline tests, without further increase during the 12 week control period, validated the requirement of a second exercise test to define a true baseline.
Psychology
Patients completed HAD questionnaires at each stage of the study. This is a well validated and reliable scale used extensively in the cardiac population. 19 A score of 11 or more indicates clinically significant anxiety or depression.
Anxiety scores
Mean (SD) baseline anxiety scores were 10.8 (4.6) in group A, 13.5 (3.3) in group B, and 12.1 (4.1) in both groups combined. During the control period, anxiety scores rose to 13.3 (2.5), 95% CI 0.35 to 4.6 (p = 0.028) in group A. Significant levels of anxiety were present in four patients in group A, seven in group B, and 11 in both groups combined at baseline. During the control period seven patients in group A demonstrated significant anxiety.
Further analysis is confined to the 11 patients who completed the CCR and all the exercise tests. The baseline anxiety score in these patients was 13.4 (3.6). This decreased during CCR to 8.1 (3.6), 95% CI 3.5 to 7.0 (p < 0.001) and was then maintained at 6.1 (4.5) (p = 0.60) at 12 weeks after CCR. Significant levels of anxiety were present in nine of the 11 patients before CCR, reducing to four at the end of CCR, and to two at 12 weeks after CCR (fig 3) .
Depression scores
Mean (SD) baseline depression scores were 7.6 (4.5) in group A, 10.1 (3.1) in group B, and 8.9 (3.9) in both groups combined. During the control period, depression scores did not change in group A: 9.5 (3.2), 95% CI 0.24 to 4.0 (p = 0.074). Significant levels of depression were present in two patients in group A, five in group B, and seven in both groups combined at baseline. During the control period three patients in group A demonstrated significant depression.
Further analysis is confined to the 11 patients who completed the CCR and all the exercise tests. The baseline depression score in these patients was 9.9 (3.4). This decreased during CCR to 6.7 (2.9), 95% CI 1.9 to 4.4 (p < 0.001) and was maintained at 5.5 (3.9) (p = 0.75) at 12 weeks after CCR. Significant levels of depression were present in six patients before CCR, reducing to two at the end of CCR, and further to one at 12 weeks after CCR (fig 4) .
CCR appraisal
All 13 patients who completed the CCR also completed a simple anonymous postal CCR appraisal questionnaire. Ten patients (77%) reported that attendance at the CCR had been "very beneficial", the remainder reporting "some benefit". Ten patients also reported that the CCR had made them "feel more positive" about living with their ICD, the remainder reporting "no change". Eleven patients (85%) reported that they felt more confident in taking exercise, the remainder reporting no change. All participants stated that the exercise component of the CCR was among the most helpful.
DISCUSSION
The main findings of this study are that comprehensive cardiac rehabilitation of patients with ICDs produces improvement in exercising ability and reduces levels of anxiety and depression.
Exercise training
Patients with ICDs comprise one group that has not been offered comprehensive rehabilitation to date. Indeed patients with a history of ventricular arrhythmias have been excluded from the exercise components of CCR programmes because of safety concerns. However, most published work to date concerns maximal exercise tests in order to assess ischaemic heart disease burden, predisposition to arrhythmias, or efficacy of antiarrhythmic drug treatment. Significant rates of ventricular arrhythmias have resulted. Young and colleagues exercised 263 patients with a history of malignant ventricular arrhythmias, in a total of 1377 maximal exercise tests. Arrhythmias requiring medical attention occurred in 9.1% of patients during 2.3% of tests, compared with 0.12% of patients during 0.05% of tests in a reference population. The arrhythmias were ventricular fibrillation in 28%, ventricular tachycardia in 69%, and bradycardia in 3%. 20 The aim of our CCR was one of exercise training and not diagnosis. The prescribed exercise was aerobic and individually tailored in order to avoid the extra adrenergic load and predisposition to arrhythmias that maximal exercise would produce.
A small amount of work has been published on exercising patients with ICDs. Friedman and colleagues reported cases of two ICD patients benefiting physically and psychologically from attendance at a cardiac rehabilitation programme. 11 They recommended deactivation of the device during exercise testing. Lampman and colleagues also recommended deactivation of the ICD during baseline exercise testing before prescribing exercise. 10 In contrast, we believe that all exercise should be performed with the ICD activated in order to reinforce positive feedback that such exercise is safe and can be continued away from the controlled environment of the CCR programme.
A graduated "cool down" period was built into each patient's exercise tests, with exercise being terminated abruptly only if clinical circumstances dictated. Cool down was also implemented during supervised exercise and encouraged when exercising in the community. Pashkow and colleagues reported an increased risk of malignant ventricular arrhythmias in the early recovery period after exercise testing. 21 This may result from the surge in circulating concentrations of catecholamines, particularly noradrenaline (norepinephrine) measured at this time. 22 A gradual "cool down" rather than abrupt cessation of exercise may minimise this surge, offering a degree of protection to susceptible individuals. Observational evidence for this is provided by a survey of 71 914 maximal exercise tests performed at a single medical centre between 1971 and 1987. 23 Six major cardiac complications, including one death, occurred in the period before 1979, following which a "cool down" period of three minutes for normal tests and five minutes for abnormal tests was introduced. No complications occurred in the ensuing 45 000 tests over the next 10 year period.
Significant improvements in exercise time were seen following attendance at the CCR programme and were maintained for at least 12 weeks afterwards. It is likely that improvements in both physical and psychological status provided positive feedback to enhance one another and increase exercising ability. An improvement in cardiorespiratory function was suggested by the increases in exercise time seen without increase in heart rate or rate of perceived exertion. However, as neither cardiovascular nor ventilatory function was formally assessed, their contribution to the reduction of anxiety resulting from physical training is unclear. When formally measured, improvements in cardiorespiratory function and exercise time have been demonstrated following maximal exercise training in patients with controlled heart failure. 24 Our study suggests that such benefits may be achieved with submaximal exercise training.
The exercise testing component of the CCR was labour intensive, requiring a technician, a specialist physiotherapist, and a cardiologist. The reassuring safety record of the 64 tests performed in this study suggests that a physician may not need to be physically present but could be readily available nearby. Exercise tests were essential in planning exercise regimens and appeared to provide reliable exercise times on the second test in this group. It is possible that patients who are familiar with treadmill testing would require a single test alone. CCR classes were limited to eight in this study to maintain a ratio of four patients to each member of staff.
Psychological benefits
Increased levels of anxiety and depression have been described in between 20-58% of patients after ICD implantation. [25] [26] [27] [28] [29] Florid psychopathology requiring psychiatric referral was reported in six of 35 patients (17%) by Bourke and colleagues. 30 Similar levels of psychological distress were found in our study group. Among those who completed the CCR the prevalence of anxiety or depressive states at baseline was as high as 67%. This decreased to 42% at the end of CCR and to 25% at 12 weeks after CCR, suggesting that psychological benefits were maintained for at least 12 weeks. It is likely that reductions in psychological distress played a significant role in the patients' enhanced functional status. Such reductions probably reflected a combination of positive feedback resulting from an enhanced ability to exercise and psychological support/intervention. Kohn and colleagues reported a reduction in trait anxiety and major depressive episodes with cognitive behavioural therapy alone after ICD implants. 31 Benefits of support groups Following ICD implantation, many patients report subjective benefit from attendance at patient support groups, but objective evidence of this is lacking. Differences in psychological scoring between support group attendees and controls were not found in studies by Badger and Morris, 32 Molchany and Peterson, 33 or Sneed and colleagues. 34 In our study, patients already had access to an active support group and a 24 hour telephone help line, yet still gained psychologically from participation in the CCR programme. This suggests that psychological benefits gained from structured CCR are above and beyond those from supportive therapy alone.
Travelling to rehabilitation programmes This CCR programme was based in a tertiary referral centre serving the north western area of England, which necessitated patients travelling distances of up to 100 miles each way to attend. This caused financial difficulties for two, with failure to attend, and possibly dissuaded others from volunteering to take part. Debarment from driving for at least six months after ICD implantation potentially caused further travelling difficulties for many. Encouraging spouses/partners also to attend alleviates some of these difficulties. It is likely that as the use of ICDs expands they will increasingly be implanted in non-tertiary hospitals, and "satellite" support facilities and rehabilitation programmes will be developed in district settings. This is likely to ease some of the travel problems.
Study limitations
Our study investigated the effects of the CCR programme on the first two cohorts of patients to participate. They were under regular cardiological follow up and their drug treatment was optimised before they entered the study. In spite of this, the diversity and potential instability of their cardiac conditions did not allow control for either the drugs used or any changes in treatment occurring during the programme. Metoprolol was introduced in patient 1B at the beginning of the CCR following an episode of ventricular tachycardia. Bisoprolol was introduced in patient 1A at the end of the CCR for symptomatic control of new onset hyperthyroidism. In patient 4A, lisinopril was increased from 5 mg to 10 mg during the usual care control phase and then reduced back to 5 mg with the addition of nicorandil after CCR. Frumil (frusemide plus amiloride) was added to the treatment regimen of patient 5A during the usual care control phase following an episode of breathlessness.
Our cohort of patients was small and had an important drop out rate. Thirteen patients (81%) completed CCR and a full set of data was available in 11 (69%). It was not possible to obtain complete follow up data on the patients who dropped out, so analysis was based on those who completed the CCR and all of the outcome assessments, rather than on an intention to treat basis. The lack of difference in baseline characteristics between those who completed the CCR and those who failed to attend supports such an analysis.
In spite of an acceptance rate of 62% for participation in the CCR, there remains a possibility of selection bias. Those who volunteered may represent individuals with a higher initial morbidity, greater anxiety levels, greater enthusiasm to improve, and most to gain from structured rehabilitation. The voluntary nature of the selection may also have biased against inclusion of patients with greater severity of depression. Such bias could be reduced or eliminated by a larger study and by prospectively enrolling consecutive patients at a fixed datefor example, three months after ICD implantation. Our patients reported psychological distress at a mean of 20.4 (range 7-53) months post ICD implant. It is possible that if CCR were performed earlier after ICD implantation, psychological distress and maladaptive behaviour could be supported and prevented from development.
Conclusions
The combination of a safe exercise regimen, education to challenge misconceptions about exercise, and the development of alternative coping strategies was successful in improving psychological health and the ability to exercise in a group of patients with ICDs. This was achieved in a relatively short intervention. This small study suggests that structured comprehensive rehabilitation may be beneficial to patients with ICDs. A larger prospective multicentre study should be done to confirm these findings.
